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Angiolipomas are rare tumors of the CNS that most frequently develop in the orbit, the cavernous space, and the epidural space of the spine. The authors report the case of a patient who presented with an angiolipoma of the cavernous space. Using data from the published literature and an experimental anatomical approach, they demonstrate that the cavernous space contains adipose tissue. Consequently, they suggest that angiolipomas constitute a characteristic tumor illustrating the interperiosteo-dural concept.
The authors report the clinical, radiological, and histological data of a patient who presented with a tumor of the cavernous space. In addition, they prepared 2 encephalic extremities (4 cavernous spaces) using a special anatomical preparation consisting of an injection of colored neoprene latex followed by a 6-month immersion in a formaldehyde solution enriched with hydrogen peroxide to soften the bone structures (coronal sections) while leaving the fat in the cavernous space intact.
This case report corroborates previously published clinical data and shows that the tumor was a hamartoma comprising mature fat cells associated with vascular proliferation. The tumor developed in the cavernous space, which is an interperiosteo-dural space extending from the sphenoid periosteum (osteoperiosteal layer) to the superior and lateral walls of the cavernous space (encephalic layer). This space represents an anatomical continuum extending from the coccyx to the orbit: the interperiosteo-dural concept. It contains fat tissue that is abundant at the level of the orbit and the epidural spinal space and sparser at the level of the cavernous spaces, as was shown in our anatomical study.
The authors suggest that angiolipomas represent a characteristic tumor that illustrates the interperiosteo-dural concept because they essentially develop in the fat tissue contained in these spaces. Magnetic resonance imaging showed a well-defined tumor measuring 35 × 40 × 35 mm in the left cavernous space with extension into the middle cerebral fossa and hypophysial space. The tumor was hyperintense on T2 FLAIR-weighted MR imaging sequences and strongly enhanced after Gd administration ( Fig. 1A and B) . The T1-weighted fat saturated MR imaging sequences showed a clear-cut hypointense signal in comparison with the adjacent cerebral tissue, thereby confirming that the tumor consisted of fat tissue (Fig. 1C) .
Operation. We removed the tumor through a left pterional approach after preparing the patient for a cervical approach to obtain good exposure of the internal carotid artery in the neck. As soon as the sylvian fissure was opened, the tumor became clearly visible. It was covered by dura mater, had developed inside the cavernous space, and bulged toward the middle cerebral fossa. The dura of the lateral wall of the cavernous sinus was red. We opened the lateral wall of the cavernous space and removed the tumor. The oculomotor and ophthalmic nerves ran along the lateral surface of the tumor, thus confirming that the tumor's epicenter was indeed in the cavernous space. Macroscopically, the tumor was unusual. It was raspberry-colored in some areas and yellowish in others and had a soft consistency. In addition, it readily bled with the slightest contact, indicating that it was richly vascularized. As a result, adequate hemostasis was difficult to obtain. We performed partial removal (80%) with piecemeal resection and aspiration after identifying the different vascular and nervous structures in the cavernous space. We identified CNs III, IV, and V1 in the lateral wall of the cavernous sinus, although the carotid artery was not exposed since the medial compartment of the tumor was not removed. We used Surgicel and dabbing with surgical cotton to obtain hemostasis.
Postoperative Course. Postoperatively, the patient experienced a complication consisting of transient weakness of CNs III and V1, which partially regressed over a 12-month period. Follow-up MR imaging showed the persistence of some residual, nongrowing tumor tissue in the cavernous space.
Histological Examination. The tumor comprised mature fat cells and abnormal, thin-walled blood vessels that produced a pseudoangioma appearance in some places (Fig. 1D) . Histologically, the tumor was compatible with an angiolipoma of the cavernous space.
Anatomical Study
We dissected 2 cadaveric heads (4 LSCs) after injecting them with neoprene latex, colored red for the arteries following catheterization of the common carotid and vertebral arteries of the neck and colored blue for the veins following catheterization of the internal jugular veins. They were then fixed by immersion for 6 months in a 10% formaldehyde solution containing 5% hydrogen peroxide with regular renewal of the immersion baths. Using this technique, we were able to soften the bony structures without affecting the fat tissue. After the 6-month immersion treatment, we extracted the brains and performed coronal sections of the cavernous spaces using an operating microscope (Zeiss OPMI 9FC). We took photographs with a Hasselblad camera (Hasselblad AB) and developed them using Kodak film (Ektachrome 160T). We obtained the latex (#671) from E.I. Du Pont de Nemours-Dow Elastomers.
The results of the 2 anatomical preparations (4 cavernous spaces) were identical. The cavernous space consisted of an interperiosteal dural space located between the encephalic layer of the dura mater and the osteoperiosteal layer. The encephalic layer formed the lateral wall, the roof, and the superomedial wall of the cavernous space and was contiguous with the encephalic layer of the anterior and middle floor of the skull base. The osteoperiosteal layer adhered to the bone and formed the inferomedial wall of the cavernous space. The cavernous space was filled with islets of fat tissue located lateral to the intracavernous carotid artery and medial to the lateral wall of the cavernous space (Fig. 2) . The fat islets were visible between the neurovascular elements that coursed through the cavernous space and were more developed at the level of the anterosuperior compartment of the cavernous space. The cavernous space also contained venous lakes that were colored blue during our anatomical preparation.
Discussion
Angiolipomas are rare tumors of the neural axis and The epidural spinal space, the cavernous space, and the orbit are areas in which the interperiosteo-dural space is larger and filled with fat tissue and venous lakes. The interperiosteo-dural concept in the cavernous space was first described by Taptas. 29, 30 He individualized the encephalic and osteoperiosteal layers of the dura mater after closely examining the walls of the cavernous space. Thus, the walls of the cavernous space are formed by the apposition of 2 encephalic layers: an external layer that is continuous with the middle cerebral fossa layer and an internal layer formed by the apposition of the dural sheaths of the oculomotor, ophthalmic, and trochlear nerves as can be seen in our histological sections. The medial wall is formed cephalad by the hypophysial dural bag (that is, a meningeal bag suspended from the sellar diaphragm), which has been described by Destrieux et al. 3 Caudally, the medial wall is formed by the osteoperiosteal layer that covers the body of the sphenoid. The roof of the cavernous space is formed by the encephalic layer covering the anterior clinoid process. The roof is perforated by the oculomotor and trochlear nerves, carrying the encephalic layer with the nerves and composing the dural sheaths of the encephalic layer. These entry points in the dura constitute areas of least resistance for the extension of tumors in the cavernous space toward the subarachnoid spaces.
11,14 Indeed, some angiolipomas described in the suprasellar region are in fact tumors of the cavernous space that have extended to the suprasellar region by passing through these openings. 16, 26 The meningeal architecture of the cavernous space is shown in Fig.   2 and illustrates that the 2 layers are isolated. The cavernous space contains venous spaces that communicate with the orbital veins, the superior petrosal sinus, and the petroclival venous confluence. 4 As we have shown in our anatomical dissections (Fig. 2) , the cavernous space contains abundant fat tissue. Weninger et al. 34 have demonstrated that the parasellar region in the fetus and in infants consistently contains these fatty islets, which have been described in the orbital compartment, the cavernous space, and the pterygomaxillary fossa. Consequently, this fat tissue is present as early as the fetal stage and is not due to degeneration related to aging. These anatomical data have been confirmed by data obtained with medical imagery, and they have frequently demonstrated the presence of fat tissue in the cavernous space.
9,27
Parkinson 19,20 has extended this concept of the dura mater of the cavernous space to include an anatomical concept: the interperiosteo-dural concept that constitutes a veritable anatomical continuum extending from the orbit to the coccyx. This concept is illustrated in Fig. 3 and summarizes the distribution of the encephalic and osteoperiosteal layers. In the orbit, the encephalic layer contains the dural sheath of the optic nerve, which is an invagination of the encephalic layer of the anterior floor at the level of the falciform ligament. The osteoperiosteal layer is represented by the periorbit and adheres to the orbit. Caudally, at the foramen magnum, the osteoperiosteal layer is represented by the vertebral periosteum while the encephalic layer forms the dural sheath. At this point, the interperiosteal dural space is wide, just as it is at the level of the orbit and the cavernous space; this corresponds to the epidural spinal space. When the 2 layers are separated from one another, it is apparent that this space contains fat tissue and venous lakes, a primary condition for the interperiosteo-dural concept. 19, 20 Recently, we demonstrated the validity of this concept by using electron microscopy to examine these layers. 7 Indeed, the encephalic layer we observed is formed by a linkage of collagen fibers covered by an amorphous substance. In fact, the encephalic layer comprises a deep cellular layer (dural border cell) and a superficial layer. An amorphous, less resistant substance extends between them. Under these conditions, removal of the encephalic layer exposes the amorphous substance and consequently, only the superficial layer of the encephalic layer is actually removed. The deeper, cellular layer remains adherent to the arachnoid. This aspect is not observed at the level of the osteoperiosteal layer. These morphological findings corroborate the anatomical data pertaining to the distribution of the layers of the dura mater. Thus, angiolipomas electively develop between the 2 layers of the dura mater, in the interperiosteo-dural space, and originate in the fat tissue that is present.
Considering all of these epidemiological, histological, radiological, and anatomical findings, we suggest that angiolipomas are characteristic tumors that illustrate the interperiosteal dural concept.
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